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NONAQUEOUS ELECTROLYTE
COMPOSITION AND NONAQUEOUS
ELECTROLYTE BATTERY

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Application JP 2010-044802 filed on Mar. 2, 2010, the entire
contents of which is hereby incorporated by reference.

BACKGROUND

The present disclosure relates to a nonaqueous electrolyte
composition and to a nonaqueous electrolyte battery. In par-
ticular, the present disclosure relates to a nonaqueous elec-
trolyte battery in which a specified ceramic powder is con-
tained in a nonaqueous electrolyte.

Batteries occupy an important position as a power source
of portable type electronic appliances. In order to realize
downsizing and weight reduction of an appliance, the batter-
ies are required to be reduced in weight, and furthermore,
batteries capable of effectively using a housing space within
an appliance are demanded. For the purpose of coping with
such requirements, lithium secondary batteries having large
energy density and output density are the most competent.
Though the lithium secondary batteries have the foregoing
high performances, they are required to have higher functions
following the high performance of the appliance. However, in
lithium secondary batteries using a lithium metal for a nega-
tive electrode, when charged, dendritic lithium (dendrite) is
deposited on the surface of the negative electrode and grows
due to a charge/discharge cycle. The growth of the dendrite
deteriorates a charge/discharge cycle characteristic of the
secondary battery and generates device blister.

Then, for example, as disclosed in JP-A-62-90863, a sec-
ondary battery in which a carbonaceous material such as
cokes is used as a negative electrode, and charge/discharge is
repeated by doping and dedoping an alkali metal ion is pro-
posed. According to this, the foregoing deterioration of the
negative electrode in repeating charge/discharge can be sup-
pressed. However, even in this secondary battery, when the
charge/discharge is repeated over a long period of time,
deviceblister is generated, and therefore, more suppression of
the device blister is desired.

SUMMARY

It is desirable to provide a nonaqueous electrolyte compo-
sition and a nonaqueous electrolyte battery, each of which is
able to suppress device blister.

According to one embodiment, there is provided a non-
aqueous electrolyte battery including a positive electrode, a
negative electrode and an electrolyte, wherein

the electrolyte contains a nonaqueous solvent, an electro-
lyte salt, a matrix polymer and a ceramic powder and further
contains a polyacid and/or a polyacid compound.

According to another embodiment, there is provided a
nonaqueous electrolyte battery including a positive electrode,
a negative electrode and an electrolyte, wherein

the electrolyte contains a nonaqueous solvent, an electro-
lyte salt, a matrix polymer and a ceramic powder, and a
coating film in a gel form containing an amorphous polyacid
and/or polyacid compound containing at least one polyele-
ment is formed on the surface of at least a part of the negative
electrode.

20

25

30

35

40

45

50

55

60

65

2

According to another embodiment, there is provided a
nonaqueous electrolyte composition containing an electro-
lyte salt, a nonaqueous solvent, a matrix polymer, a ceramic
powder and a polyacid and/or a polyacid compound.

Inthe embodiments, since the polyacid and/or the polyacid
compound is incorporated into the battery, by repeating
charge/discharge, a coating film containing the polyacid and/
or the polyacid compound is formed on a negative electrode
surface. According to this, it may be supposed that the battery
blister to be caused due to repetition of charge/discharge is
suppressed. Furthermore, by adding the ceramic powder to
the electrolyte, the negative electrode surface is uniformly
covered by the ceramic powder. According to this, it may be
supposed that a more stable coating film containing the poly-
acid and/or the polyacid compound is formed and that the
device blister to be caused due to repetition of charge/dis-
charge is more suppressed.

As described above, according to the embodiments, since
not only the polyacid and/or the polyacid compound is incor-
porated into the battery, but the ceramic powder is added to
the electrolyte, the battery blister can be suppressed.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is an exploded perspective view showing a configu-
ration example of a nonaqueous electrolyte battery according
a second embodiment.

FIG. 2 is a sectional view along an I-I line of a wound
electrode body shown in FIG. 1.

FIG. 3 is an exploded perspective view showing an
example of a configuration of a nonaqueous electrolyte bat-
tery according a third embodiment.

FIG. 4 is a perspective view showing an example of an
appearance of a battery device shown in FIG. 3.

FIG. 5 is a sectional view showing an example of a con-
figuration of a battery device shown in FIG. 3.

FIG. 6 is a plan view showing an example of a configura-
tion of a positive electrode.

FIG. 7 is a plan view showing an example of a configura-
tion of a negative electrode.

FIG. 8 is a plan view showing an example of a configura-
tion of a separator.

FIG. 9 is a sectional view showing an example of a con-
figuration of a battery device to be used for a nonaqueous
electrode secondary battery according to a fourth embodi-
ment.

FIG. 10 is an SEM photograph showing a coating film in a
gel form formed on a negative electrode surface.

FIG. 11 is a diagram showing an example of a secondary
ion spectrum by the time-of-flight secondary ion mass spec-
trometry on a negative electrode surface of a nonaqueous
electrolyte battery having a negative electrode coating film
formed thereon.

FIG. 12 is a diagram showing an example of a radial struc-
ture function of a W—O bond obtained by the Fourier trans-
formation of a spectrum by the X-ray absorption fine struc-
ture analysis on a negative electrode surface of a nonaqueous
electrolyte battery having a negative electrode coating film
formed thereon.

DETAILED DESCRIPTION

Embodiments are hereunder described by reference to the
accompanying drawings. The description is made in the fol-
lowing order.
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. First embodiment (an example of a nonaqueous electro-
lyte composition containing a ceramic powder)

2. Second embodiment (a first example of a nonaqueous
electrolyte battery using a nonaqueous electrolyte com-
position containing a ceramic powder)

3. Third embodiment (a second example of a nonaqueous
electrolyte battery)

4. Fourth embodiment (a third example of a nonaqueous
electrolyte battery)

5. Fifth embodiment (an example of a nonaqueous electro-
lyte battery using a polyacid and/or a polyacid com-
pound)

<1. First Embodiment>

[Constitution of Nonaqueous Electrolyte]

A nonaqueous electrolyte composition according to a first
embodiment contains an electrolyte salt, a nonaqueous sol-
vent, a matrix polymer, a prescribed ceramic powder and a
heteropolyacid and/or a heteropolyacid compound and is
suitably used as a nonaqueous electrolyte of a lithium ion
nonaqueous electrolyte secondary battery.

Here, the prescribed ceramic powder has an average par-
ticle size of from 0.1 pm to 2.5 um and a BET specific surface
area of from 0.5 to 11 m*/g.

(Ceramic Powder)

As the ceramic powder, it is preferable to use aluminum
oxide (Al,O;), zirconium oxide (ZrO,), titanium oxide
(Ti0,), magnesium oxide (MgO), silicon carbide (SiC), alu-
minum nitride (AIN) or boron nitride (BN) singly or in
admixture. As zeolite, a molecular sieve represented by
MAISi,0O4 (Wherein M represents an alkyl metal such as Li,
Naand K, or an alkaline earth metal such as Mg and Ca) or the
like is preferably used.

Reasons why the foregoing ceramic species is favorable
reside in the matters that such a ceramic can stably exist
within the battery, does not adversely affect a battery reaction
and has a large and favorable volume heat capacity.

Also, the ceramic powder is required to have an average
particle size of from 0.1 to 2.5 um. When the average particle
size of the ceramic powder is less than 0.1 um, there is a
concern that the ceramic powder is aggregated. On the other
hand, when the average particle size of the ceramic powder
exceeds 2.5 um, in a battery using a laminated film as a
package member, there is a concern that a defective appear-
ance is revealed.

Furthermore, when the BET specific surface area of the
ceramic powder is less than 0.5 m*/g, precipitation after dis-
persion tends to become fast, and there is a concern that the
battery capacity or appearance is adversely affected. When
the BET specific surface area of the ceramic powder exceeds
11 m?/g, battery characteristics such as a cycle characteristic
are lowered.

As the ceramic powder, one whose particle size distribu-
tion is gauss distribution is preferable. According to this,
since a large amount of extremely large particles and
extremely small particles are not incorporated, there are
obtained such advantages that the productivity and battery
characteristics are stable.

Also, in the nonaqueous electrolyte according to the first
embodiment, a content ratio of the foregoing ceramic powder
and the following matrix polymer is preferably 1/1 or more
and not more than 5/1 in terms of a mass ratio.

When this ratio is less than 1/1, an effect to be brought by
incorporating the ceramic powder is small, whereas when it
exceeds 5/1, there is a concern that battery characteristics
such as a cycle characteristic are not sufficient.
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In a nonaqueous electrolyte secondary battery fabricated
using the nonaqueous electrolyte according to the first
embodiment, it is preferable that the ceramic powder exists in
a proportion of from 0.6 to 3.5 mg/cm? per unit area between
positive and negative electrodes, namely per area specified by
a positive electrode and a negative electrode each having a
unit area in a nonaqueous electrolyte portion interposed
between the positive electrode and the negative electrode
opposing to each other. When the proportion of the ceramic
powder is less than 0.6 mg/cm?, an effect to be brought by
incorporating the ceramic powder is small, whereas when it
exceeds 3.5 mg/cm?, there is a concern that battery charac-
teristics such as a cycle characteristic are not sufficient.

(Matrix Polymer)

The nonaqueous electrolyte according to the first embodi-
ment contains a matrix polymer. An electrolyte salt, a non-
aqueous solvent and a ceramic material are impregnated in or
kept by this matrix polymer.

By swelling, gelation or non-fluidization of such a polymer
compound, it is possible to effectively suppress the occur-
rence of liquid leakage of the nonaqueous electrolyte in the
obtained battery.

Examples of such a matrix polymer include (1) polyvinyl
formal, (2) a polyacrylate and (3) polyvinylidene fluoride
represented by the following chemical formulae (1) to (3),
respectively.

M

e

O\/O

Inthe formula (1), N represents a degree of polymerization
and is preferably from 100to 10,000. When N is less than 100,
the gelation is not sufficient, whereas when N exceeds 10,000,
there is a concern that the viscosity is large, so that the
capacity is lowered.

@

O (6]

R

In the formula (2), R represents C,H,, ,0,, (wherein n
represents an integer of from 1 to 8; and m represents an
integer of from O to 4); and N represents a degree of polymer-
ization and is preferably from 100 to 10,000. When N is less
than 100, the gelation is difficult, whereas when N exceeds
10,000, there is a concern that the fluidity is reduced.

0
C
e
N

Inthe formula (3), N represents a degree of polymerization
and is preferably from 100to 10,000. When N is less than 100,
the gelation is not sufficient, whereas when N exceeds 10,000,
there is a concern that the viscosity is large, so that the
capacity is lowered.

&)
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When polyvinylidene fluoride is contained in the matrix
polymer, the matrix polymer preferably has a weight average
molecular weight of 550,000 or more. When the weight aver-
age molecular weight of the matrix polymer is less than
550,000, there is a concern that the cycle characteristic is not
sufficient.

A content of the matrix polymer is preferably from 0.1 to
5% by mass. When the content of the matrix polymer is less
than 0.1% by mass, the gelation is difficult, and it is difficult
to uniformly keep the ceramic powder; whereas when it
exceeds 5% by mass, there is a possibility that influences such
as a reduction of energy density are brought against the bat-
tery characteristics.

(Nonaqueous Solvent)

Examples of the nonaqueous solvent which is used for the
nonaqueous electrolyte according to the first embodiment
include various high-dielectric constant solvents and low-
viscosity solvents.

As the high-dielectric constant solvent, ethylene carbon-
ate, propylene carbonate and the like can be suitably used.
However, the high-dielectric constant solvent is not limited
thereto, and a cyclic carbonate such as butylene carbonate,
vinylene carbonate, 4-fluoro-1,3-dioxolan-2-one (fluoroeth-
ylene carbonate), 4-chloro-1,3-dioxolan-2-one (chloroethyl-
ene carbonate) and trifluoromethyl ethylene carbonate can
also be used.

Also, as the high-dielectric constant solvent, a lactone such
as y-butyrolactone and y-valerolactone; a lactam such as
N-methylpyrrolidone; a cyclic carbamate such as N-methy-
loxazolidinone; or a sulfone compound such as tetramethyl-
ene sulfone can be used in place of the cyclic carbonate or
together with the cyclic carbonate.

Meanwhile, as the low-viscosity solvent, ethyl methyl car-
bonate, diethyl carbonate and the like can be suitably used.
Besides, chain carbonates such as dimethyl carbonate and
methyl propyl carbonate; chain carboxylates such as methyl
acetate, ethyl acetate, methyl propionate, ethyl propionate,
methyl butyrate, methyl isobutyrate, methyl trimethylacetate
and ethyl trimethylacetate; chain amides such as N,N-dim-
ethylacetamide; chain carbamates such as methyl N,N-dieth-
ylcarbamate and ethyl N,N-diethylcarbamate; and ethers
such as 1,2-dimethoxyethane, tetrahydrofuran, tetrahydropy-
rane and 1,3-dioxolane can be used.

In the nonaqueous electrolyte according to the first
embodiment, the foregoing high-dielectric constant solvent
and low-viscosity solvent can be used singly, or two or more
kinds thereof can be arbitrarily mixed and used.

Also, a content of the nonaqueous solvent is preferably
from 70 to 90% by mass. When the content of the nonaqueous
solvent is less than 70% by mass, there is a concern that the
viscosity excessively increases, whereas when it exceeds
90% by mass, there is a concern that a sufficient conductivity
is not obtainable.

(Electrolyte Salt)

As the electrolyte salt which is used for the nonaqueous
electrolyte according to the first embodiment, any material is
useful so far as it is dissolved or dispersed in the foregoing
nonaqueous solvent to produce an ion. A lithium salt such as
lithium hexafluorophosphate (LiPF,) can be suitably used.
However, needless to say, the electrolyte salt is not limited
thereto.

That is, inorganic lithium salts such as lithium tetrafluo-
roborate (LiBF,), lithium hexafluoroarsenate (LiAsF),
lithium hexafluoroantimonate (LiSbF), lithium perchlorate
(LiC10,) and lithium tetrachloroaluminate (LiAlCL,);
lithium salts of perfluoroalkanesulfonic acid derivatives such
as lithium trifluvoromethanesulfonate (LiCF;SO;), lithium bis
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(trifluoromethanesulfone)imide (LiN(CF;S0,),), lithium bis
(pentafluoroethanesulfone)methide (LiC(C,F;SO,),) and
lithium  tris(triftuoromethanesulfone)methide  (LiC(CF,
S0O,);); and the like can also be used. These materials can be
used singly or in combinations of two or more kinds thereof.

In the case of a lithium salt, a concentration of such an
electrolyte salt is preferably from 0.6 to 2.0 moles/kg.

When the concentration of the electrolyte salt is less than
0.6 moles/kg, there is a concern that a high battery capacity is
not obtainable, whereas when it exceeds 2.0 moles/kg, there
is a concern that the viscosity of the electrolytic solution is
excessively high, so that favorable battery characteristics
such as a low-temperature characteristic are not obtainable.

Though the nonaqueous electrolyte according to the first
embodiment contains, as essential components, the foregoing
ceramic powder, matrix polymer, nonaqueous solvent and
electrolyte salt, other components can be added thereto.

Specifically, for example, the nonaqueous electrolyte can
be combined with a carbonate having a multiple bond.
According to this, a discharge capacity retention rate at the
time of repetition of charge/discharge can be more enhanced.

As the carbonate having a multiple bond, typically,
vinylene carbonate which is an example of a carbonate having
a carbon-carbon multiple bond can be suitably used (more
typically, a carbonate having a hydrocarbon group of a car-
bon-carbon multiple bond (for example, a carbon-carbon
double bond or triple bond, etc.) can be exemplified). How-
ever, needless to say, the carbonate having a multiple bond is
not limited thereto. That is, vinyl ethylene carbonate or the
like can also be used.

Then, in the nonaqueous electrolyte according to the first
embodiment, a content of the carbonate having a multiple
bond is preferably from 0.05 to 5% by mass, more preferably
from 0.1 to 3% by mass, and still more preferably from 0.2 to
2% by mass. When the content of the carbonate having a
multiple bond is less than 0.05% by mass, the effect is not
revealed, whereas when it exceeds 5% by mass, there is a
concern that the discharge capacity is lowered.

(Heteropolyacid and Heteropolyacid Compound)

The heteropolyacid as referred to herein means a conden-
sate of two or more kinds of an oxoacid. It is preferable that
this heteropolyacid has a structure in which a heteropolyacid
ion thereof is easily soluble in the solvent of the battery, such
as a Keggin structure, an Anderson structure and a Dawson
structure.

The heteropolyacid and/or the heteropolyacid compound
is one having a polyatom selected from the following element
group (a); or one having a polyatom selected from the follow-
ing element group (a), in which a part of the polyatoms is
substituted with at least any one element selected from the
following element group (b).

Element group (a): Mo, W, Nb, V

Element group (b): Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Zr,

Tc, Rh, Cd, In, Sn, Ta, Re, T1, Pb
Also, the heteropolyacid and/or the heteropolyacid com-
pound is one having a hetero atom selected from the follow-
ing element group (c); or one having a hetero atom selected
from the following element group (c), in which a part of the
hetero atoms is substituted with at least any one element
selected from the following element group (d).
Element group (c): B, Al, Si, P, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Ge, As

Element group (d): H, Be, B, C, Na, Al, Si, P, S, Tj, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Zr, Rh, Sn, Sb,
Te, I, Re, Pt, Bi, Ce, Th, U, Np

Specific examples of the heteropolyacid include het-
eropolytungstic acids such as phosphotungstic acid and sili-
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cotungstic acid; and heteropolymolybdic acids such as phos-
phomolybdic acid and silicomolybdic acid. Examples of the
heteropolyacid compound include heteropolytungstic acid
compounds such as sodium silicotungstate, sodium phospho-
tungstate and ammonium phosphotungstate. Also, examples
of'the heteropolyacid compound include heteropolymolybdic
acid compounds such as sodium phosphomolybdate and
ammonium phosphomolybdate. Such a heteropolyacid or
heteropolyacid compound may be used in admixture of two or
more kinds thereof. Such a heteropolyacid or heteropolyacid
compound is easily soluble in the solvent, is stable in the
battery and is hard to give adverse influences such as a reac-
tion with other material.

(Behavior of Heteropolyacid and/or Heteropolyacid Com-
pound by Charge)

In the nonaqueous electrolyte battery using an electrolytic
solution containing a heteropolyacid and/or a heteropolyacid
compound, a coating film derived from the heteropolyacid
and/or the heteropolyacid compound is formed on the nega-
tive electrode by initial charge or preliminary charge.

That is, the heteropolyacid and/or the heteropolyacid com-
pound is electrolyzed by charge or preliminary charge,
whereby a compound derived from the heteropolyacid and/or
the heteropolyacid compound is deposited on the surface of
the negative electrode to form an inorganic coating film.

Also, the heteropolyacid and/or the heteropolyacid com-
pound in the electrolytic solution is electrolyzed by charge or
preliminary charge depending upon the addition amount of
the heteropolyacid and/or the heteropolyacid compound,
whereby a compound derived from the heteropolyacid and/or
the heteropolyacid compound is deposited on the surface of
the positive electrode to form an inorganic coating film.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
dissolved therein is impregnated in a negative electrode active
material layer, a compound derived from the heteropolyacid
and/or the heteropolyacid compound may be deposited
within the negative electrode active material layer by charge
or preliminary charge. According to this, the compound
derived from the heteropolyacid and/or the heteropolyacid
compound may exist among negative electrode active mate-
rial particles.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
dissolved therein is impregnated in a positive electrode active
material layer, a compound derived from the heteropolyacid
and/or the heteropolyacid compound may be deposited
within the positive electrode active material layer by charge
or preliminary charge. According to this, the compound
derived from the heteropolyacid and/or the heteropolyacid
compound may exist among positive electrode active material
particles.

The compound derived from the heteropolyacid and/or the
heteropolyacid compound includes a polyacid and/or a poly-
acid compound, or a reduced material of a polyacid and/or a
polyacid compound, each of which is produced by electroly-
sis of the heteropolyacid and/or the heteropolyacid com-
pound and which is poorer in solubility than the heteropoly-
acid and/or the polyacid compound, or the like.

A coating film containing a polyacid and/or a polyacid
compound containing one or more kinds of a polyatom is
formed on the surface of at least a part of a negative electrode
34. Specifically, the polyacid and/or the polyacid compound
deposited on the surface of the negative electrode 34 is amor-
phous. For example, this amorphous polyacid and/or poly-
acid compound absorbs the nonaqueous electrolyte and exists
as the coating film in a gel form of the negative electrode 34
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on the negative electrode surface. For example, a deposit
containing a polyacid and/or a polyacid compound, which is
deposited on the negative electrode 34, grows in a three-
dimensional network structure and deposits at the time of
preliminary charge or charge. Also, a part of the deposited
polyacid and/or polyacid compound may be reduced.

The presence or absence of the inorganic coating film
derived from the heteropolyacid and/or the heteropolyacid
compound can be confirmed by disassembling the nonaque-
ous electrolyte battery after charge or preliminary charge and
taking out the positive electrode. For example, when a com-
position of the deposit deposited on the positive electrode
collector is confirmed, and the polyacid and/or the polyacid
compound is deposited, it can be easily supposed that the
polyacid and/or the polyacid compound is similarly deposited
on the positive electrode active material layer, and it can be
confirmed that the inorganic coating film derived from the
heteropolyacid and/or the heteropolyacid compound is
formed.

The presence or absence of the polyacid and/or the poly-
acid compound can be, for example, confirmed by the X-ray
photoelectron spectroscopy (XPS) analysis or time-of-flight
secondary ion mass spectrometry (ToF-SIMS). In that case,
the battery is disassembled, followed by washing with dim-
ethyl carbonate. This is made for the purpose of removing a
solvent component with low volatility and an electrolyte salt
existing on the surface. It is desirable that sampling is carried
out in an inert atmosphere if it is at all possible.

A content of the heteropolyacid and/or the heteropolyacid
compound is preferably 0.01 parts by mass or more and not
more than 5.0 parts by mass based on 100 parts by mass of the
negative electrode active material. When the content of the
heteropolyacid and/or the heteropolyacid compound is 0.01
parts by mass or more, an excellent device blister suppressing
effectis obtainable, whereas when it is not more than 5.0 parts
by mass, a lowering of the low-temperature characteristic can
be suppressed. Here, the content of the heteropolyacid is
defined to be a value obtained by subtracting the weight of
bound water which the heteropolyacid has. Also, similarly,
the weight of the heteropolyacid compound is defined to be a
value obtained by subtracting the weight of bound water
which the heteropolyacid compound has.

The coating film in a gel form formed on the negative
electrode surface according to the first embodiment, which
contains the amorphous polyacid and/or polyacid compound
composed of one or more kinds of a polyatom, can be, for
example, confirmed by SEM (scanning electron microscope)
as shown in FIG. 10. FIG. 10 is an SEM image of the negative
electrode surface after charge and is a photograph taken after
washing the electrolytic solution and then drying.

Also, the deposition of the amorphous polyacid and/or
polyacid compound can be confirmed on the basis of struc-
tural analysis of the coating film formed on the negative
electrode surface by the X-ray absorption fine structure
(XAFS) analysis and chemical information of a molecule by
the time-of-flight secondary ion mass spectrometry (ToF-
SIMS).

FIG. 11 shows an example of a secondary ion spectrum by
the time-of-flight secondary ion mass spectrometry (ToF-
SIMS) on the negative electrode surface of the nonaqueous
electrolyte battery in which the negative electrode coating
film according to the first embodiment is formed by adding
silicotungstic acid into a battery system and charging the
battery. It is noted from FIG. 11 that a molecule containing, as
constituent elements, tungsten (W) and oxygen (O) is exis-
tent.



US 9,343,775 B2

9

Also, FIG. 12 shows an example of a radial structure func-
tion of a W—O bond obtained by the Fourier transformation
of a spectrum by the X-ray absorption fine structure (XAFS)
analysis on the negative electrode surface of the nonaqueous
electrolyte battery in which the negative electrode coating
film according to the first embodiment is formed by adding
silicotungstic acid into a battery system and charging the
battery. Also, FIG. 12 shows an example of a radial structure
function of a W—O bond of each of tungstic acid (WO; or
WO,) as a polyacid which can be used in the first embodiment
according to the present invention and silicotungstic acid
(H,4(SiW,,0,,).26H,0) as a heteropolyacid which can be
used in the first embodiment according to the present inven-
tion, along with the analysis results of the negative electrode
coating film.

It is noted from FIG. 12 that a peak [.1 of a deposit on the
negative electrode surface has peaks at a different position
from peaks 1.2, L3 and L4 of silicotungstic acid (H,
(8iW,,0,,).26H,0), tungsten dioxide (WO,) and tungsten
trioxide (WO,), respectively and has a different structure. In
tungsten trioxide (WO,) and tungsten dioxide (WO,), both of
which are a typical tungsten oxide, and silicotungstic acid
(H,4(SiW,,0,,).26H,0) which is a starting material of the
first embodiment according to the present invention, in view
of'the radical structure function, main peaks are existent in the
range of from 1.0 to 2.0 angstroms, and peaks can also be
confirmed in the range of from 2.0 to 4.0 angstroms.

On the other hand, in the distribution of the W—O bond
distance of the polyacid composed mainly of tungstic acid
deposited on each of the positive electrode and the negative
electrode in the first embodiment, though the peaks are con-
firmed within the range of from 1.0 to 2.0 angstroms, distinct
peaks equivalent to those in the peak 1 are not found in the
outside of the foregoing range. That is, no peak is substan-
tially observed in the range exceeding 3.0 angstroms. In such
a situation, it is confirmed that the deposit on the negative
electrode surface is amorphous.

<2. Second Embodiment>

Next, an example of a nonaqueous electrolyte battery using
the foregoing nonaqueous electrolyte composition is
described.

[Configuration of Battery]

FIG. 1 shows an exploded perspective configuration of the
nonaqueous electrolyte battery according the second embodi-
ment; and FIG. 2 shows enlargedly of a section along an I-I
line of a wound electrode body 30 shown in FIG. 1.

This nonaqueous electrolyte battery has a configuration in
which the wound electrode body 30 having mainly a positive
electrode lead 31 and a negative electrode lead 32 installed
therein is housed in the inside of a film-shaped package mem-
ber 40. A battery structure using this film-shaped package
member 40 is called a laminated film type.

Each of the positive electrode lead 31 and the negative
electrode lead 32 is, for example, led out from the inside of the
package member 40 toward the outside in the same direction.
The positive electrode lead 31 is, for example, constituted of
ametal material such as aluminum, and the negative electrode
lead 32 is, for example, constituted of a metal material such as
copper, nickel and stainless steel. Such a metal material is, for
example, formed in a thin plate state or a network state.

The package member 40 is, for example, constituted of an
aluminum laminated film obtained by sticking a nylon film,
an aluminum foil and a polyethylene film in this order. For
example, this package member 40 has a structure in which
respective outer edges of the two rectangular aluminum lami-
nated films are allowed to adhere to each other by means of
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fusion or with an adhesive such that the polyethylene film is
disposed opposing to the wound electrode body 30.

A contact film 41 is inserted between the package member
40 and each of the positive electrode lead 31 and the negative
electrode lead 32 for the purpose of preventing invasion of the
outside air from occurring. This contact film 41 is constituted
of'a material having adhesion to each of the positive electrode
lead 31 and the negative electrode lead 32. Examples of such
a material include polyolefin resins such as polyethylene,
polypropylene, modified polyethylene and modified polypro-
pylene.

The package member 40 may also be constituted of a
laminated film having other lamination structure, or consti-
tuted of a polymer film such as polypropylene or a metal film,
in place of the foregoing aluminum laminated film.

FIG. 2 shows a sectional configuration along an I-I line of
the wound electrode body 30 shown in FIG. 1. This wound
electrode body 30 is a wound electrode body prepared by
laminating a positive electrode 33 and a negative electrode 34
via a separator 35 and an electrolyte 36 and winding the
laminate, and an outermost peripheral part thereof is pro-
tected by a protective tape 37.

(Positive Electrode)

The positive electrode 33 is, for example, a positive elec-
trode in which a positive electrode active material layer 33B
is provided on the both surfaces of a positive electrode col-
lector 33 A having a pair of surfaces opposing to each other.
However the positive electrode active material layer 33B may
be provided on only one surface of the positive electrode
collector 33A.

The positive electrode collector 33A is, for example, con-
stituted of a metal material such as aluminum, nickel and
stainless steel.

The positive electrode active material layer 33B contains,
as a positive electrode active material, one or two or more
kinds of a positive electrode material capable of intercalating
and deintercalating lithium and may further contain other
material such as a binder and a conductive agent, if desired.

(Positive Electrode Material)

As the positive electrode material capable of intercalating
and deintercalating lithium, for example, lithium complex
oxides such as lithium cobaltate, lithium nickelate and solid
solutions thereof {for example, Li(Ni, CO,Mn,)O, (values of
X, y and z are satisfied with relations of (0<x<1), (0<y<1),
(0=z<1) and (x+y+z)=1, respectively), Li(Ni,CO Al)O,
(values of x, y and z are satisfied with relations of (0<x<1),
(0<y<1), (0=z<1) and (x+y+z)=1, respectively), etc.}; man-
ganese spinel (LiMn,O,) and solid solutions thereof {for
example, Li(Mn,_ Ni, )O, (a value of v is satisfied with a
relation of (v<2)), etc.}; and phosphate compounds having an
olivine structure, such as lithium iron phosphate (LiFePO,)
and lithium manganese phosphate (LiMPO,), are preferable.
This is because a high energy density is obtainable. Specifi-
cally, LiCoO,, LiNiO,, LiMn,0,, LiFePO, and the like are
exemplified. The transition metal element can be used singly,
or two or more kinds thereof can also be used. Examples
thereof include LiNi, sCO, 5O,, LiNi, sCO, ;Mn, ,O, and
LiFe, sMn, sPO,. Such a material can also be used in admix-
ture of two or more kinds thereof.

Above all, from the standpoint of a high capacity, a lithium
nickel complex oxide with a high content of nickel, which is
represented by LiNi M, O, (wherein M represents at least
one element selected from the Groups 2 to 15 (provided that
Ni is excluded); and x is a satisfied with a relation of
(0.5=x<1.0), is preferable as the positive electrode material
capable of intercalating and deintercalating lithium.
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A positive electrode material obtained by subjecting
lithium cobaltate, lithium nickelate or a solid solution thereof
to a coating treatment may be used as the positive electrode
active material. That is, for example, a positive electrode
material obtained by coating at least a part of a particle sur-
face of lithium cobaltate, lithium nickelate or a solid solution
thereof with a phosphate compound such as lithium phos-
phate (Li;PO,) and lithium iron phosphate (LiFePO,) may be
used as the positive electrode active material. When this posi-
tive electrode material is used, the blister at the time of high-
temperature storage can be more suppressed. This is because
when this positive electrode material is used, lithium phos-
phate suppresses the contact between the electrolytic solution
and the lithium nickel complex oxide, thereby conducting
only a lithium ion. The coating treatment is, for example,
carried out by mixing the phosphate compound with lithium
cobaltate, lithium nickelate or a solid solution thereof by a
ball milling apparatus.

Also, examples of the positive electrode material capable
of intercalating and deintercalating lithium include oxides
such as titanium oxide, vanadium oxide and manganese diox-
ide; disulfides such as iron disulfide, titanium disulfide and
molybdenum sulfide; sulfur; and conductive polymers such
as polyaniline and polythiophene.

As a matter of course, the positive electrode material
capable of intercalating and deintercalating lithium may be
other materials than those exemplified above.

Examples of the binder include synthetic rubbers such as a
styrene butadiene based rubber, a fluorocarbon based rubber
and an ethylene propylene diene based rubber; and polymer
materials such as polyvinylidene fluoride. These materials
may be used singly or in admixture of plural kinds thereof.

Examples of the conductive agent include carbon materials
such as graphite and carbon black. These materials are used
singly or in admixture of plural kinds thereof.

(Negative Electrode)

The negative electrode 34 is, for example, one in which a
negative electrode active material layer 34B is provided on
the both surfaces of a negative electrode collector 34 A having
a pair of surfaces opposing to each other. However, the nega-
tive electrode active material layer 34B may be provided on
only one surface of the negative electrode collector 34A.

The negative electrode collector 34A is, for example, con-
stituted of a metal material such as copper, nickel and stain-
less steel.

The negative electrode active material layer 34B contains,
as a negative electrode active material, one or two or more
kinds of a negative electrode material capable of intercalating
and deintercalating lithium and may contain other materials
such as a binder and a conductive agent, if desired.

Examples of the negative electrode material capable of
intercalating and deintercalating lithium include carbon
materials. Examples of such a carbon material include easily
graphitized carbon, hardly graphitized carbon with a (002)
plane interval of 0.37 nm or more and graphite with a (002)
plane interval of not more than 0.34 nm. More specifically,
there are exemplified pyrolytic carbons, cokes, vitreous car-
bon fibers, organic polymer compound baked materials,
active carbon and carbon blacks. Of these, examples of the
cokes include pitch coke, needle coke and petroleum coke.
The organic polymer compound baked material as referred to
herein is a material obtained through carbonization by baking
a phenol resin, a furan resin or the like at an appropriate
temperature. The carbon material is preferable because a
change in a crystal structure following the intercalation and
deintercalation of lithium is very small, and therefore, a high
energy density is obtainable, an excellent cycle characteristic
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is obtainable, and the carbon material also functions as a
conductive agent. The shape of the carbon material may be
any of a fibrous shape, a spherical shape, a granular shape or
a flaky shape.

In addition to the foregoing carbon materials, examples of
the negative electrode material capable of intercalating and
deintercalating lithium include a material capable of interca-
lating and deintercalating lithium and containing, as a con-
stituent element, at least one member selected from the group
consisting of metal elements and semi-metal elements. This is
because a high energy density is obtainable. Such a negative
electrode material may be a simple substance, an alloy or a
compound of a metal element or a semi-metal element. Also,
one having one or two or more kinds of a phase in at least a
part thereof may be used. The “alloy” as referred to herein
includes, in addition to alloys composed of two or more kinds
of'a metal element, alloys containing one or more kinds of a
metal element and one or more kinds of a semi-metal element.
Also, the “alloy” may contain a non-metal element. Examples
of its texture include a solid solution, a eutectic (eutectic
mixture), an intermetallic compound and one in which two or
more kinds thereof coexist.

Examples of the metal element or semi-metal element
include a metal element or a semi-metal element capable of
forming an alloy together with lithium. Specific examples
thereof include magnesium (Mg), boron (B), aluminum (Al),
gallium (Ga), indium (In), silicon (Si), germanium (Ge), tin
(Sn), lead (Pb), bismuth (Bi), cadmium (Cd), silver (Ag), zinc
(Zn), hatnium (Hf), zirconium (Zr), yttrium (Y), palladium
(Pd) and platinum (Pt). Of these, at least one member selected
from silicon and tin is preferable, and silicon is more prefer-
able. This is because silicon and tin have large capability to
intercalate and deintercalate lithium, so that a high energy
density is obtainable.

Examples of the negative electrode material containing at
least one member selected from silicon and tin include a
simple substance, an alloy or a compound of silicon; a simple
substance, an alloy or a compound of tin; and one having one
kind or two or more kinds of a phase in at least a part thereof.

Examples of alloys of silicon include alloys containing, as
a second constituent element other than silicon, at least one
member selected from the group consisting of tin (Sn), nickel
(N1), copper (Cu), iron (Fe), cobalt (Co), manganese (Mn),
zine (Zn), indium (In), silver (Ag), titanium (T1), germanium
(Ge), bismuth (Bi), antimony (Sb) and chromium (Cr).
Examples of alloys of tin include alloys containing, as a
second constituent element other than tin (Sn), at least one
member selected from the group consisting of silicon (Si),
nickel (N1), copper (Cu), iron (Fe), cobalt (Co), manganese
(Mn), zinc (Zn), indium (In), silver (Ag), titanium (T1), ger-
manium (Ge), bismuth (Bi), antimony (Sb) and chromium
(Cr).

Examples of compounds of silicon or compounds of tin
include compounds containing oxygen (O) or carbon (C), and
these compounds may further contain the foregoing second
constituent element in addition to silicon (Si) or tin (Sn).

As the negative electrode material containing at least one
member selected from silicon (Si) and tin (Sn), for example,
a material containing tin (Sn) as a first constituent element
and in addition to this tin (Sn), a second constituent element
and a third constituent element is especially preferable. As a
matter of course, this negative electrode material may be used
together with the foregoing negative electrode material. The
second constituent element is at least one member selected
from the group consisting of cobalt (Co), iron (Fe), magne-
sium (Mg), titanium (Ti), vanadium (V), chromium (Cr),
manganese (Mn), nickel (Ni), copper (Cu), zinc (Zn), gallium
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(Ga), zirconium (Zr), niobium (Nb), molybdenum (Mo), sil-
ver (Ag), indium (In), cerium (Ce), hathium (Hf), tantalum
(Ta), tungsten (W), bismuth (Bi) and silicon (Si). The third
constituent element is at least one member selected from the
group consisting of boron (B), carbon (C), aluminum (Al) and
phosphorus (P). This is because when the second constituent
element and the third constituent element are contained, a
cycle characteristic is enhanced.

Above of all, the negative electrode material is preferably
an SnCoC-containing material containing tin (Sn), cobalt
(Co) and carbon (C) as constituent elements and having a
content of carbon (C) in the range of 9.9% by mass or more
and not more than 29.7% by mass and a proportion of cobalt
(Co) to the total sum of tin (Sn) and cobalt (Co) (Co/(Sn+Co))
in the range of 30% by mass or more and not more than 70%
by mass. This is because in the foregoing composition range,
not only a high energy density is obtainable, but an excellent
cycle characteristic is obtainable.

This SnCoC-containing material may further contain other
constituent elements, if desired. As other constituent ele-
ments, for example, silicon (Si), iron (Fe), nickel (Ni), chro-
mium (Cr), indium (In), niobium (Nb), germanium (Ge),
titanium (Ti), molybdenum (Mo), aluminum (Al), phospho-
rus (P), gallium (Ga) and bismuth (Bi) are preferable. The
SnCoC-containing material may contain two or more kinds of
these elements. This is because a capacity characteristic or a
cycle characteristic is more enhanced.

The SnCoC-containing material has a phase containing tin
(Sn), cobalt (Co) and carbon (C), and this phase is preferably
a lowly crystalline or amorphous phase. Also, in the SnCoC-
containing material, it is preferable that at least a part of
carbon as the constituent element is bound to a metal element
or a semi-metal element as other constituent element. This is
because though it may be considered that a lowering of the
cycle characteristic is caused due to aggregation or crystalli-
zation of tin (Sn) or the like, when carbon is bound to other
element, such aggregation or crystallization is suppressed.

Examples of a measurement method for examining the
binding state of elements include X-ray photoelectron spec-
troscopy (XPS). In this XPS, so far as graphite is concerned,
a peak of the 1s orbit (C1s) of carbon appears at 284.5 eV in
an energy-calibrated apparatus such that a peak of the 4f orbit
of'a gold atom (Au4{) is obtained at 84.0 eV. Also, so far as
surface contamination carbon is concerned, a peak of the 1s
orbit (Cls) of carbon appears at 284.8 eV. On the contrary, in
the case where a charge density of the carbon element is high,
for example, in the case where carbon is bound to a metal
element or a semi-metal element, the peak of Cls appears in
alower region than 284.5 eV. That is, in the case where a peak
of' a combined wave of Cls obtained regarding the SnCoC-
containing material appears in a lower region than 284.5 eV,
at least a part of carbon (C) contained in the SnCoC-contain-
ing material is bound to a metal element or a semi-metal
element as other constituent element.

In the XPS measurement, for example, the peak of Cls is
used for correcting the energy axis of a spectrum. In general,
since surface contamination carbon exists on the surface, the
peak of Cls of the surface contamination carbon is fixed at
284.8 eV, and this peak is used as an energy reference. In the
XPS measurement, since a waveform of the peak of Cls is
obtained as a form including the peak of the surface contami-
nation carbon and the peak of carbon in the SnCoC-contain-
ing material, the peak of the surface contamination carbon
and the peak of the carbon in the SnCoC-containing material
are separated from each other by means of analysis using, for
example, a commercially available software program. In the
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analysis of the waveform, the position of a main peak existing
on the side of a lowest binding energy is used as an energy
reference (284.8 eV).

Also, examples of the negative electrode material capable
of intercalating and deintercalating lithium include metal
oxides and polymer compounds, each of which is capable of
intercalating and deintercalating lithium. Examples of the
metal oxide include iron oxide, ruthenium oxide and molyb-
denum oxide; and examples of the polymer compound
include polyacetylene, polyaniline and polypyrrole.

Furthermore, the negative electrode material capable of
intercalating and deintercalating lithium may be a material
containing an element capable of forming a complex oxide
with lithium, such as titanium.

As a matter of course, metallic lithium may be used as the
negative electrode active material, thereby depositing and
dissolving the metallic lithium. It is also possible to deposit
and dissolve magnesium or aluminum other than lithium.

The negative electrode active material layer 34B may be,
for example, formed by any of a vapor phase method, a liquid
phase method, a spraying method, a baking method or a
coating method, or a combined method of two or more kinds
of these methods. Examples of the vapor phase method
include a physical deposition method and a chemical deposi-
tion method, specifically a vacuum vapor deposition method,
a sputtering method, an ion plating method, a laser abrasion
method, a thermal chemical vapor deposition (CVD) method
and a plasma chemical vapor deposition method. As the liquid
phase method, known techniques such as electrolytic plating
and non-electrolytic plating can be adopted. The baking
method as referred to herein is, for example, a method in
which after a granular negative electrode active material is
mixed with a binder and the like, the mixture is dispersed in a
solvent and coated, and the coated material is then heat treated
at a higher temperature than a melting point of the binder, etc.
As to the baking method, known techniques can be utilized,
too, and examples thereof include an atmospheric baking
method, a reaction baking method and a hot press baking
method.

In the case of using metallic lithium as the negative elec-
trode active material, the negative electrode active material
layer 34B may be previously provided at the time of assem-
bling. However, it may be absent at the time of assembling but
may be constituted of a lithium metal deposited at the time of
charge. Also, the negative electrode collector 34A may be
omitted by utilizing the negative electrode active material
layer 34B as a collector, too.

(Separator)

The separator 35 partitions the positive electrode 33 and
the negative electrode 34 from each other and allows a lithium
ion to pass therethrough while preventing a short circuit of the
current to be caused due to the contact between the both
electrodes. This separator 35 is constituted of, for example, a
porous film made of a synthetic resin such as polytetrafluo-
roethylene, polypropylene and polyethylene; a porous film
made of a ceramic; or the like, and a laminate of two or more
kinds of these porous films may also be used.

(Electrolyte)

The electrolyte is the nonaqueous electrolyte composition
according the first embodiment.

[Manufacturing Method of Battery]

Next, a manufacturing method of the nonaqueous electro-
lyte battery having the foregoing configuration is described.

(Manufacture of Positive Electrode)

First of all, the positive electrode 33 is fabricated. For
example, a positive electrode material, a binder and a con-
ductive agent are mixed to form a positive electrode mixture,



US 9,343,775 B2

15

which is then dispersed in an organic solvent to form a posi-
tive electrode mixture slurry in a paste form. Subsequently,
the positive electrode mixture slurry is uniformly coated on
the both surfaces of the positive electrode collector 33A by a
doctor blade or a bar coater or the like and then dried. Finally,
the resultant is subjected to compression molding by a roll
press or the like while heating, if desired, thereby forming the
positive electrode active material layer 33B. In that case, the
compression molding may be repeatedly carried out plural
times.

(Manufacture of Negative Electrode)

Next, the negative electrode 34 is fabricated. For example,
a negative electrode material and a binder and optionally, a
conductive agent are mixed to form a negative electrode mix-
ture, which is then dispersed in an organic solvent to form a
negative electrode mixture slurry in a paste form. Subse-
quently, the negative electrode mixture slurry is uniformly
coated on the both surfaces of the negative electrode collector
34A by adoctor blade or a bar coater or the like and then dried.
Finally, the resultant is subjected to compression molding by
a roll press or the like while heating, if desired, thereby
forming the negative electrode active material layer 34B.

Subsequently, a precursor solution containing an electro-
Iytic solution, a polymer compound, a solvent and a ceramic
powder is prepared and coated on each of the positive elec-
trode 33 and the negative electrode 34, and the solvent is then
vaporized to form the electrolyte 36 in a gel form. The het-
eropolyacid and/or the heteropolyacid compound is added on
the occasion of preparing the electrolytic solution. Subse-
quently, the positive electrode lead 31 is installed in the posi-
tive electrode collector 33A, and the negative electrode lead
32 is also installed in the negative electrode collector 34A.

Subsequently, the positive electrode 33 and the negative
electrode 34 each having the electrolyte 36 formed thereon
are laminated via the separator 35, the laminate is then wound
in a longitudinal direction thereof, and the protective tape 37
is allowed to adhere to an outermost peripheral part thereof,
thereby fabricating the wound electrode body 30. Finally, for
example, the wound electrode body 30 is interposed between
the two package members 40 in a film form, and the outer
edges of the package members 40 are allowed to adhere to
each other by means of heat fusion, etc., thereby sealing the
wound electrode body 30 therein. On that occasion, the con-
tact film 41 is inserted between each of the positive electrode
lead 31 and the negative electrode lead 32 and the package
member 40. There is thus completed the nonaqueous electro-
lyte battery shown in FIGS. 3 and 4.

This nonaqueous electrolyte battery is, for example, a non-
aqueous electrolyte secondary battery capable of undergoing
charge and discharge. For example, when charged, a lithium
ion is deintercalated from the positive electrode 33 and inter-
calated in the negative electrode 34 via the electrolyte 36.
When discharged, the lithium ion is deintercalated from the
negative electrode 34 and intercalated in the positive elec-
trode 33 via the electrolyte 36. Alternatively, for example,
when charged, the lithium ion in the electrolyte 36 receives an
electron and is deposited as metallic lithium on the negative
electrode 34. When discharged, the metallic lithium of the
negative electrode 34 deintercalates an electron and is dis-
solved as a lithium ion in the electrolyte 36. Alternatively, for
example, when charged, the lithium ion is deintercalated from
the positive electrode 33 and intercalated in the electrode 34
via the electrolyte 36, and the metallic lithium is deposited on
the way of charge. When discharged, the deposited metallic
lithium deintercalates an electronand is dissolved as a lithium
ion in the negative electrode 34; the lithium ion intercalated in
the negative electrode 34 is deintercalated on the way of
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discharge; and these lithium ions are intercalated in the posi-
tive electrode 33 via the electrolyte 36.

MODIFICATION EXAMPLES

While in the foregoing configuration example of the non-
aqueous electrolyte battery, an example in which the het-
eropolyacid and/or the heteropolyacid compound is previ-
ously added to the electrolytic solution has been described,
the heteropolyacid and/or the heteropolyacid compound may
be added to other battery constituent element than the elec-
trolytic solution.

In the following first to third modification examples, con-
figuration examples of a nonaqueous electrolyte battery in
which the heteropolyacid and/or the heteropolyacid com-
pound is previously added to other battery constituent ele-
ment than the electrolytic solution are described. In the fol-
lowing, descriptions are made centering on points which are
different from those of the foregoing configuration examples
of'a nonaqueous electrolyte battery (an example in which the
heteropolyacid and/or the heteropolyacid compound is pre-
viously added to the electrolytic solution), and descriptions
on the same points as in the foregoing configuration examples
of'a nonaqueous electrolyte battery are properly omitted.

First Modification Example

Example of Adding a Heteropolyacid and/or a
Heteropolyacid Compound to a Positive Electrode
Active Material Layer

A first modification example is the same as the foregoing
configuration example of a nonaqueous electrolyte battery,
except that the heteropolyacid and/or the heteropolyacid
compound is not previously added to the electrolytic solution
but added to the positive electrode active material layer 33B.

(Manufacturing Method of Positive Electrode 33)

In the first modification example, the positive electrode 33
is fabricated in the following manner. First of all, a positive
electrode material, a binder and a conductive agent are mixed.
Also, a heteropolyacid and/or a heteropolyacid compound is
dissolved in an organic solvent such as N-methyl-2-pyrroli-
done to prepare a solution. Subsequently, this solution is
mixed with the foregoing mixture of a positive electrode
material, a binder and a conductive agent to prepare a positive
electrode mixture, and this positive electrode mixture is then
dispersed in an organic solvent such as N-methyl-2-pyrroli-
done to form a positive electrode mixture slurry. Subse-
quently, the positive electrode mixture slurry is uniformly
coated on the both surfaces of the positive electrode collector
33Abyadoctorblade or abar coater or the like and then dried.
Finally, the resultant is subjected to compression molding by
a roll press or the like while heating, if desired, thereby
forming the positive electrode active material layer 33B.

(Positive Electrode Active Material Layer 33B)

In the first modification example, the positive electrode
active material layer 33B contains, as a positive electrode
active material, one or two or more kinds of a positive elec-
trode material capable of intercalating and deintercalating
lithium and a heteropolyacid and/or a heteropolyacid com-
pound before charge/discharge. The positive electrode active
material layer 33B may contain other material such as a
binder and a conductive agent, if desired.

(Behavior of Heteropolyacid and/or Heteropolyacid Com-
pound by Charge)

The electrolytic solution is impregnated in the positive
electrode active material layer 33B. According to this, the
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heteropolyacid and/or the heteropolyacid compound con-
tained in the positive electrode active material layer 33B
elutes into the electrolytic solution. Then, a coating film
derived from the heteropolyacid and/or the heteropolyacid
compound having eluted into the electrolytic solution is
formed on the negative electrode 34 by initial charge or pre-
liminary charge.

That is, the heteropolyacid and/or the heteropolyacid com-
pound having eluted into the electrolytic solution is electro-
lyzed by initial charge or preliminary charge, whereby a
compound derived from the heteropolyacid and/or the het-
eropolyacid compound is deposited on the surface of the
negative electrode 34 to form an inorganic coating film.

Also, the heteropolyacid and/or the heteropolyacid com-
pound having eluted into the electrolytic solution is electro-
lyzed by initial charge or preliminary charge, whereby a
compound derived from the heteropolyacid and/or the het-
eropolyacid compound is deposited on the surface of the
positive electrode 33 to form an inorganic coating film.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
eluted thereinto is impregnated in the negative electrode
active material layer 34B, a compound derived from the het-
eropolyacid and/or the heteropolyacid compound may be
deposited within the negative electrode active material layer
34B by charge or preliminary charge. According to this, a
compound derived from the heteropolyacid and/or the het-
eropolyacid compound may exist among negative electrode
active material particles.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
eluted thereinto is impregnated in the positive electrode active
material layer 33B, a compound derived from the heteropoly-
acid and/or the heteropolyacid compound may be deposited
within the positive electrode active material layer 33B by
charge or preliminary charge. According to this, a compound
derived from the heteropolyacid and/or the heteropolyacid
compound may exist among positive electrode active material
particles.

Second Modification Example

Example of Adding a Heteropolyacid and/or a
Heteropolyacid Compound to a Negative Electrode
Active Material Layer

A second modification example is the same as the forego-
ing configuration example of a nonaqueous electrolyte bat-
tery, except that the heteropolyacid and/or the heteropolyacid
compound is not previously added to the electrolytic solution
but added to the negative electrode active material layer 34B.

(Manufacturing Method of Negative Electrode 34)

In the second modification example, the negative electrode
34 is fabricated in the following manner. First of all, a nega-
tive electrode material, a binder and optionally, a conductive
agent are mixed. Also, a heteropolyacid and/or a heteropoly-
acid compound is dissolved to prepare a solution. Subse-
quently, this solution is mixed with the foregoing mixture to
prepare a negative electrode mixture, which is then dispersed
in an organic solvent such as N-methyl-2-pyrrolidone to form
a negative electrode mixture slurry in a paste form. Subse-
quently, the negative electrode mixture slurry is uniformly
coated on the both surfaces of the negative electrode collector
34A by adoctor blade or a bar coater or the like and then dried.
Finally, the resultant is subjected to compression molding by
a roll press or the like while heating, if desired, thereby
forming the negative electrode active material layer 34B.
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(Negative Electrode Active Material Layer 34B)

Inthe second modification example, the negative electrode
active material layer 34B contains, as a negative electrode
active material, one or two or more kinds of a negative elec-
trode material capable of intercalating and deintercalating
lithium and a heteropolyacid and/or a heteropolyacid com-
pound before charge/discharge. The negative electrode active
material layer 34B may contain other material such as a
binder and a conductive agent, if desired.

(Behavior of Heteropolyacid and/or Heteropolyacid Com-
pound by Charge)

The electrolytic solution is impregnated in the negative
electrode active material layer 34B. According to this, the
heteropolyacid and/or the heteropolyacid compound con-
tained in the negative electrode active material layer 34B
elutes into the electrolytic solution. Then, a coating film
derived from the heteropolyacid and/or the heteropolyacid
compound having eluted into the electrolytic solution is
formed on the negative electrode 34 by initial charge or pre-
liminary charge.

That is, the heteropolyacid and/or the heteropolyacid com-
pound having eluted into the electrolytic solution is electro-
lyzed by initial charge or preliminary charge, whereby a
compound derived from the heteropolyacid and/or the het-
eropolyacid compound is deposited on the surface of the
negative electrode 34 to form an inorganic coating film.

Also, the heteropolyacid and/or the heteropolyacid com-
pound having eluted into the electrolytic solution is electro-
lyzed by initial charge or preliminary charge depending upon
the addition amount of the heteropolyacid and/or the het-
eropolyacid compound, whereby a compound derived from
the heteropolyacid and/or the heteropolyacid compound is
deposited on the surface of the positive electrode 33 to form
an inorganic coating film.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
eluted thereinto is impregnated in the negative electrode
active material layer 34B, a compound derived from the het-
eropolyacid and/or the heteropolyacid compound may be
deposited within the negative electrode active material layer
34B by charge or preliminary charge. According to this, a
compound derived from the heteropolyacid and/or the het-
eropolyacid compound may exist among negative electrode
active material particles.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
eluted thereinto is impregnated in the positive electrode active
material layer 33B, a compound derived from the heteropoly-
acid and/or the heteropolyacid compound may be deposited
within the positive electrode active material layer 33B by
charge or preliminary charge. According to this, a compound
derived from the heteropolyacid and/or the heteropolyacid
compound may existamong positive electrode active material
particles.

Third Modification Example

A third modification example is the same as the foregoing
configuration example of a nonaqueous electrolyte battery,
except that the heteropolyacid and/or the heteropolyacid
compound is not previously added to the electrolytic solution,
but the heteropolyacid and/or the heteropolyacid compound
is previously added to the separator 35.

In the third modification example, the heteropolyacid and/
or the heteropolyacid compound is previously added to the
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separator 35. For example, the heteropolyacid and/or the het-
eropolyacid compound is previously added to the separator
35 in the following manner.

The separator 35 is dipped in and impregnated with a
solution obtained by dissolving the heteropolyacid and/or the
heteropolyacid compound in a polar organic solvent such as
dimethyl carbonate, followed by drying in a vacuum atmo-
sphere. According to this, the heteropolyacid and/or the het-
eropolyacid compound is deposited on the surface or within
pores of the separator 35.

(Behavior of Heteropolyacid and/or Heteropolyacid Com-
pound by Charge)

The electrolytic solution is impregnated in the separator
35. According to this, the heteropolyacid and/or the het-
eropolyacid compound added to the separator 35 elutes into
the electrolytic solution. Then, a coating film derived from the
heteropolyacid and/or the heteropolyacid compound having
eluted into the electrolytic solution is formed on the negative
electrode 34 by initial charge or preliminary charge.

That is, the heteropolyacid and/or the heteropolyacid com-
pound having eluted into the electrolytic solution is electro-
lyzed by initial charge or preliminary charge, whereby a
compound derived from the heteropolyacid and/or the het-
eropolyacid compound is deposited on the surface of the
negative electrode 34 to form an inorganic coating film.

Also, the heteropolyacid and/or the heteropolyacid com-
pound having eluted into the electrolytic solution is electro-
lyzed by initial charge or preliminary charge depending upon
the addition amount of the heteropolyacid and/or the het-
eropolyacid compound, whereby a compound derived from
the heteropolyacid and/or the heteropolyacid compound is
deposited on the surface of the positive electrode 33 to form
an inorganic coating film.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
eluted thereinto is impregnated in the negative electrode
active material layer 34B, a compound derived from the het-
eropolyacid and/or the heteropolyacid compound may be
deposited within the negative electrode active material layer
34B by charge or preliminary charge. According to this, a
compound derived from the heteropolyacid and/or the het-
eropolyacid compound may exist among negative electrode
active material particles.

Also, in view of the fact that the electrolytic solution hav-
ing the heteropolyacid and/or the heteropolyacid compound
eluted thereinto is impregnated in the positive electrode active
material layer 33B, a compound derived from the heteropoly-
acid and/or the heteropolyacid compound may be deposited
within the positive electrode active material layer 33B by
charge or preliminary charge. According to this, a compound
derived from the heteropolyacid and/or the heteropolyacid
compound may exist among positive electrode active material
particles.

According to the second embodiment, since not only the
heteropolyacid and/or the heteropolyacid compound is con-
tained in the battery, but the ceramic powder is added to the
electrolyte, deterioration in a high-temperature cycle charac-
teristic and device blister of the battery to be caused due to the
cycle can be suppressed.

<3. Third Embodiment>

Configuration of Nonaqueous Electrolyte Battery

FIG. 3 is an exploded perspective view showing an
example of a configuration of a nonaqueous electrolyte bat-
tery according a third embodiment. As shown in FIG. 3, this
nonaqueous electrolyte battery is one in which a battery
device 71 having a positive electrode lead 73 and a negative
electrode lead 74 installed therein is housed in the inside of a
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package member 72 in a film form and is able to realize
downsizing, weight reduction and thinning

Each of the positive electrode lead 73 and the negative
electrode lead 74 is, for example, led out from the inside of the
package member 72 toward the outside in the same direction.

FIG. 4 is a perspective view showing an example of an
appearance of the battery device 71. FIG. 5 is a sectional view
showing an example of a configuration of the battery device
71. As shown in FIGS. 4 and 5, this battery device 71 is a
laminated electrode body in which a positive electrode 81 and
a negative electrode 82 are laminated via a separator 83, and
the battery device 71 is impregnated with the electrolytic
solution according to the first embodiment.

For example, the positive electrode 81 has a structure in
which a positive electrode active material layer 81B is pro-
vided on the both surfaces of a positive electrode collector
81A having a pair of surfaces. As shown in FIG. 6, the positive
electrode 81 has a rectangular electrode portion and a collec-
tor-exposed portion 81C extending from one side of the elec-
trode portion. This collector-exposed portion 81C is not pro-
vided with the positive electrode active material layer 81B
and is in a state where the positive electrode collector 81A is
exposed. The collector-exposed portion 81C is electrically
connected to the positive electrode lead 73. While illustration
is omitted, a region where the positive electrode active mate-
rial layer 81B is existent only on one surface of the positive
electrode collector 81 A may be provided.

For example, the negative electrode 82 has a structure in
which a negative electrode active material layer 82B is pro-
vided on the both surfaces of a negative electrode collector
82A having a pair of surfaces. As shown in FIG. 7, the nega-
tive electrode 82 has a rectangular electrode portion and a
collector-exposed portion 82C extending from one side of the
electrode portion. This collector-exposed portion 82C is not
provided with the negative electrode active material layer
82B and is in a state where the negative electrode collector
82A is exposed. The collector-exposed portion 82C is elec-
trically connected to the negative electrode lead 74. While
illustration is omitted, a region where the negative electrode
active material layer 82B is existent only on one surface of the
negative electrode collector 82A may be provided.

As shown in FIG. 8, the separator 83 has a shape such as a
rectangular shape.

Materials constituting the positive electrode collector 81A,
the positive electrode active material layer 81B, the negative
electrode collector 82A, the negative electrode active mate-
rial layer 82B and the separator 83 are the same as those in the
positive electrode collector 33 A, the positive electrode active
material layer 33B, the negative electrode collector 34A, the
negative electrode active material layer 34B and the separator
35 in the second embodiment according, respectively.

(Manufacturing Method of Nonaqueous Electrolyte Bat-
tery)

The thus configured nonaqueous electrolyte battery can be,
for example, manufactured in the following manner.

(Fabrication of Positive Electrode)

The positive electrode 81 is fabricated in the following
manner. First of all, for example, a positive electrode active
material, abinder and a conductive agent are mixed to prepare
a positive electrode mixture, and this positive electrode mix-
ture is dispersed in an organic solvent such as N-methylpyr-
rolidone to prepare a positive electrode mixture slurry in a
paste form. Subsequently, the positive electrode mixture
slurry is coated on the both surfaces of the positive electrode
collector 81A and dried, followed by pressing to form the
positive electrode active material layer 81B. Thereafter, the
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resultant is cut into the shape shown in FIG. 6, or the like,
thereby obtaining the positive electrode 81.

(Fabrication of Negative Electrode)

The negative electrode 82 is fabricated in the following
manner. First of all, for example, a negative electrode active
material, a binder and a conductive agent are mixed to prepare
anegative electrode mixture, and this negative electrode mix-
ture is dispersed in an organic solvent such as N-methylpyr-
rolidone to prepare a negative electrode mixture slurry in a
paste form. Subsequently, the negative electrode mixture
slurry is coated on the both surfaces of the negative electrode
collector 82A and dried, followed by pressing to form the
negative electrode active material layer 82B. Thereafter, the
resultant is cut into the shape shown in FIG. 7, or the like,
thereby obtaining the negative electrode 82.

(Fabrication of Battery Device)

Thebattery device 71 is fabricated in the following manner.
First of all, a polypropylene-made microporous film or the
like is cut into the shape shown in FIG. 8, thereby fabricating
the separator 83. Subsequently, a plural number of the thus
obtained negative electrodes 82, positive electrodes 81 and
separators 83 are, for example, laminated in the order of the
negative electrode 82, the separator 83, the positive electrode
81, . . ., the positive electrode 81, the separator 83 and the
negative electrode 82, as shown in FIG. 5, thereby fabricating
the battery device 71.

Subsequently, the collector-exposed portion 81C of the
positive electrode 81 is welded to the positive electrode lead
73. Similarly, the collector-exposed portion 82C of the nega-
tive electrode 82 is welded to the negative electrode lead 74.
Subsequently, after impregnating the electrolytic solution in
the battery device 71, the battery device 71 is interposed
between the package members 72, and the outer edges of the
package members 72 are allowed to adhere to each other by
means of heat fusion or the like, thereby sealing the battery
device 71 therein. On that occasion, each of the positive
electrode lead 73 and the negative electrode lead 74 is dis-
posed so as to come out from the package member 72 via the
heat-fused part, thereby forming positive and negative elec-
trode terminals. There is thus obtained the desired nonaque-
ous electrolyte battery.

<Effect>

The third embodiment has the same effects as those in the
second embodiment.

<4. Fourth Embodiment>

Next, a fourth embodiment is described. A nonaqueous
electrolyte battery according to this fourth embodiment is one
using an electrolyte layer in a gel form in place of the elec-
trolytic solution in the nonaqueous electrolyte battery accord-
ing to the third embodiment. The same portions as those in the
third embodiment are given the same symbols, and their
descriptions are omitted.

(Configuration of Nonaqueous Electrolyte Battery)

FIG. 9 is a sectional view showing an example of a con-
figuration of a battery device to be used for the nonaqueous
electrode secondary battery according to the fourth embodi-
ment. A battery device 85 is one in which the positive elec-
trode 81 and the negative electrode 82 are laminated via the
separator 83 and an electrolyte layer 84.

The electrolyte layer 84 contains the electrolytic solution
according to the first embodiment and a polymer compound
serving as a holding material capable of holding this electro-
Iytic solution therein and is prepared in a so-called gel form.
The electrolyte layer 84 in a gel form is preferable because not
only a high ion conductivity is obtainable, but liquid leakage
of'the battery can be prevented from occurring. A constitution
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of'the polymer compound is the same as that in the nonaque-
ous electrolyte battery according to the second embodiment.

(Manufacturing Method of Nonaqueous Electrolyte Bat-
tery)

The thus configured nonaqueous electrolyte battery can be,
for example, manufactured in the following manner.

First of all, a precursor solution containing a solvent, an
electrolyte salt, a polymer compound and a mixed solvent is
coated on each of the positive electrode 81 and the negative
electrode 82, and the mixed solvent is then vaporized to form
the electrolyte layer 84. The nonaqueous electrolyte battery
can be obtained by following the same subsequent steps as
those in the third embodiment according to the present inven-
tion, except that the positive electrode 81 and the negative
electrode 82 each having the electrolyte layer 84 formed
thereon were used.

<Effect>

The fourth embodiment has the same effects as those in the
third embodiment according to the present invention.

<5. Fifth Embodiment>

In a fitth embodiment, a polyacid and/or a polyacid com-
pound is previously added to an electrolytic solution. Accord-
ing to this, the electrolytic solution contains the polyacid
and/or the polyacid compound dissolved in a solvent before
charge/discharge.

[Polyacid and Polyacid Compound]

The polyacid as referred to herein means a condensate of
one or two or more kinds of an oxoacid. It is preferable that
this polyacid or polyacid compound has a structure in which
a polyacid ion thereof is easily soluble in the solvent of the
battery, such as a Keggin structure, an Anderson structure and
a Dawson structure. Examples of the polyacid and/or the
polyacid compound include polyacids and/or polyacid com-
pounds not having a hetero atom and having one or two or
more kinds of polyatoms, such as an isopolyacid and/or an
isopolyacid compound having one kind of a polyatom; and a
polyacid and/or a polyacid compound having two or more
kinds of polyatoms and not having a hetero atom.

Similar to the heteropolyacid and/or a heteropolyacid com-
pound, the polyacid and/or the polyacid compound according
to the fifth embodiment is one having a polyatom selected
from the following element group (a); or one having a polya-
tom selected from the following element group (a), in which
a part of the polyatoms is substituted with at least any one
element selected from the following element group (b).

Element group (a): Mo, W, Nb, V

Element group (b): Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Zr,

Tc, Rh, Cd, In, Sn, Ta, Re, T1, Pb

Examples of the polyacid which is used in the fifth embodi-
ment include tungstic(VI) acid and molybdic(VI) acid. Spe-
cific examples thereof include tungstic anhydride, molybdic
anhydride and hydrates thereof. Examples of the hydrate
which can be used include orthotungstic acid (H, WO,,) which
is tungstic acid monohydrate (WO;.H,O), molybdic acid
dihydrate (H,MoOs;, H,Mo00,.H,0 or M0o0;.2H,0) and
orthomolybdic acid (H,MoO,) which is molybdic acid
monohydrate (MoO;.H,0). Also, tungstic anhydride (WO,)
having a smaller hydrogen content than metatungstic acid,
paratungstic acid and the like which are an isopolyacid of the
foregoing hydrate, and ultimately having a zero hydrogen
content; molybdic anhydride (MoO;) having a smaller hydro-
gen content than metamolybdic acid, paramolybdic acid and
the like, and ultimately having a zero hydrogen content; and
the like can be used.
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(Behavior of Polyacid and/or Polyacid Compound by
Charge)

In the nonaqueous electrolyte battery using an electrolytic
solution containing a polyacid and/or a polyacid compound, a
coating film derived from the polyacid and/or the polyacid
compound is formed on the negative electrode 34 by initial
charge or preliminary charge.

That is, the polyacid and/or the polyacid compound is
electrolyzed by charge or preliminary charge, whereby a
compound derived from the polyacid and/or the polyacid
compound is deposited on the surface of the negative elec-
trode 34 to form an inorganic coating film.

Also, the polyacid and/or the polyacid compound in the
electrolytic solution is electrolyzed by charge or preliminary
charge depending upon the addition amount of the polyacid
and/or the polyacid compound, whereby a compound derived
from the polyacid and/or the polyacid compound is deposited
on the surface of the positive electrode to form an inorganic
coating film.

Also, in view of the fact that the electrolytic solution hav-
ing the polyacid and/or the polyacid compound dissolved
therein is impregnated in a negative electrode active material
layer, a compound derived from the polyacid and/or the poly-
acid compound may be deposited within the negative elec-
trode active material layer by charge or preliminary charge.
According to this, the compound derived from the polyacid
and/or the polyacid compound may exist among negative
electrode active material particles.

Also, in view of the fact that the electrolytic solution hav-
ing the polyacid and/or the polyacid compound dissolved
therein is impregnated in a positive electrode active material
layer, a compound derived from the polyacid and/or the poly-
acid compound may be deposited within the positive elec-
trode active material layer by charge or preliminary charge.
According to this, the compound derived from the polyacid
and/or the polyacid compound may exist among positive
electrode active material particles.

The compound derived from the polyacid and/or the poly-
acid compound include a polyacid and/or a polyacid com-
pound, or a reduced material of a polyacid and/or a polyacid
compound, each of which is produced by electrolysis of the
polyacid and/or the polyacid compound and which is poorer
in solubility than the polyacid and/or the polyacid compound
added to the electrolytic solution, or the like.

The presence or absence of the inorganic coating film
derived from the polyacid and/or the polyacid compound can
be confirmed by disassembling the nonaqueous electrolyte
battery after charge or preliminary charge and taking out the
positive electrode. For example, when as a result of confirm-
ing a composition of the deposit deposited on the positive
electrode collector 33A, the polyacid and/or the polyacid
compound is deposited, it can be easily supposed that the
polyacid and/or the polyacid compound is similarly deposited
on the positive electrode active material layer, and it can be
confirmed that the inorganic coating film derived from the
polyacid and/or the polyacid compound is formed.

The presence or absence of the polyacid and/or the poly-
acid compound can be, for example, confirmed by the X-ray
photoelectron spectroscopy (XPS) analysis or time-of-flight
secondary ion mass spectrometry (ToF-SIMS). In that case,
the battery is disassembled, followed by washing with dim-
ethyl carbonate. This is made for the purpose of removing a
solvent component with low volatility and an electrolyte salt
existing on the surface. It is desirable that sampling is carried
out in an inert atmosphere if it is at all possible.

As other points are the same as those in the first embodi-
ment, their descriptions are omitted.
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MODIFICATION EXAMPLES

While in the foregoing configuration example of the non-
aqueous electrolyte battery, an example in which the polyacid
and/or the polyacid compound is previously added to the
electrolytic solution has been described, the polyacid and/or
the polyacid compound may be added to other battery con-
stituent element than the electrolytic solution.

In the following first to third modification examples, con-
figuration examples of a nonaqueous electrolyte battery in
which the polyacid and/or the polyacid compound is previ-
ously added to other battery constituent element than the
electrolytic solution are described. In the following, descrip-
tions are made centering on points which are different from
those of the foregoing configuration examples of a nonaque-
ous electrolyte battery (an example in which the polyacid
and/or the polyacid compound is previously added to the
electrolytic solution), and descriptions on the same points as
in the foregoing configuration examples of a nonaqueous
electrolyte battery are properly omitted.

First Modification Example

A first modification example is the same as in the first
embodiment, except that the polyacid and/or the polyacid
compound is not previously added to the electrolytic solution
but added to the positive electrode active material layer 33B.

Second Modification Example

A second modification example is the same as in the first
embodiment, except that the polyacid and/or the polyacid
compound is not previously added to the electrolytic solution
but added to the negative electrode active material layer 34B.

Third Modification Example

A third modification example is the same as in the first
embodiment, except that the polyacid and/or the polyacid
compound is not previously added to the electrolytic solution,
but the polyacid and/or the polyacid compound is previously
added to the separator 35.

EXAMPLES

The present embodiments are specifically described below
with reference to the following Examples, but it should not be
construed that the present invention is limited only to these
Examples.

Example 1

A negative electrode was fabricated in the following man-
ner. 90 parts by weight of a pulverized artificial graphite
powder and 10 parts by weight of PVDF as a binder were
dispersed in N-methyl-2-pyrrolidone to form a slurry, which
was then uniformly coated on the both surfaces of a strip-
shaped copper foil having a thickness of 10 um, followed by
drying. Subsequently, the resultant was compression molded
by aroll press and then cut into a size of 45 mmx650 mm, and
anickel-made negative electrode lead was installed in one end
of'the copper foil.

A positive electrode was fabricated in the following man-
ner. 91 parts by weight of lithium cobaltate (LiCoQ,), 6 parts
by weight of graphite as a conductive agent and 10 parts by
weight of PVDF as a binder were dispersed in N-methyl-2-
pyrrolidone to form a slurry, which was then uniformly
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coated on a strip-shaped aluminum foil having a thickness of
12 um, followed by drying. Subsequently, the resultant was
compression molded by a roll press and then cut into a size of
43 mmx700 mm to form a positive electrode, and an alumi-
num-made positive electrode lead was installed in one end of
the aluminum foil.

An electrolyte in a gel form was prepared in the following
manner. Ethylene carbonate (EC) and propylene carbonate
(PC) were mixed in a weight ratio of EC/PC of 1/1 to prepare
a mixed solvent, and lithium hexafluorophosphate (LiPF)
was dissolved in a proportion of 1.08 moles/kg in this mixed
solvent, thereby preparing a nonaqueous electrolytic solu-
tion. Subsequently, silicotungstic acid (H,SiW,,0,,) as a
heteropolyacid was added to and dissolved in the nonaqueous
electrolytic solution. The addition amount of silicotungstic
acid as the heteropolyacid was regulated to 0.01 parts by mass
based on 100 parts by mass of the negative electrode active
material. Subsequently, 10 parts by mass of polyvinylidene
fluoride copolymerized with hexafluoropropylene (HFP) in a
proportion of 6.9% and 90 parts by mass of the nonaqueous
electrolytic solution having silicotungstic acid dissolved
therein were mixed. Subsequently, aluminum oxide (Al,O;)
as a ceramic powder was added to this solution, and the
mixture was stirred for dissolution, thereby obtaining an elec-
trolyte solution in a sol form. The addition amount of Al,O,
as the ceramic powder was regulated in such a manner that in
a battery device after assembling, Al,O; was existent in a
proportion of 1.5 mg/cm? per unit area between the positive
and negative electrodes. Subsequently, the obtained electro-
lyte solution in a sol form was uniformly coated on the both
surfaces of each of the positive electrode and the negative
electrode. Subsequently, the coated solution was dried to
remove the solvent, thereby forming a gel electrolyte layer on
the both surfaces of each of the position electrode and the
negative electrode.

Subsequently, the strip-shaped positive electrode, on the
both surfaces of which was formed the gel electrolyte layer,
and the strip-shaped negative electrode, on the both surfaces
of'which was formed the gel electrolyte layer, were laminated
via a separator, and the laminate was wound in a longitudinal
direction to obtain a flat type battery device.

Example 2

A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 0.05% by mass.

Example 3

A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 0.10% by mass.

Example 4
A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 0.50% by mass.
Example 5
A flat type battery device was obtained in the same manner

as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 1.00% by mass.
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Example 6

A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 1.50% by mass.

Example 7
A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 2.00% by mass.
Example 8
A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 3.00% by mass.
Example 9
A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW,,0,,) was regulated to 5.00% by mass.
Example 10
A flat type battery device was obtained in the same manner
as in Example 1, except that the addition amount of silico-
tungstic acid (H,SiW, ,0,,) was regulated to 7.00% by mass.
Example 11
A flat type battery device was obtained in the same manner
as in Example 3, except that zirconium oxide (ZrO,) was used
as the ceramic powder.
Example 12
A flat type battery device was obtained in the same manner
asin Example 4, except that zirconium oxide (ZrO,) was used
as the ceramic powder.
Example 13
A flat type battery device was obtained in the same manner
asin Example 5, except that zirconium oxide (ZrO,) was used
as the ceramic powder.
Example 14
A flat type battery device was obtained in the same manner
asin Example 9, except that zirconium oxide (ZrO,) was used
as the ceramic powder.
Examples 15 to 18
Flat type battery devices were obtained in the same man-
ners as in Examples 11 to 14, respectively, except that tita-
nium oxide (Ti0,) was used as the ceramic powder.
Examples 19 to 22
Flat type battery devices were obtained in the same man-

ners as in Examples 11 to 14, respectively, except that mag-
nesium oxide (MgO) was used as the ceramic powder.
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Examples 23 to 26

Flat type battery devices were obtained in the same man-
ners as in Examples 11 to 14, respectively, except that phos-
phomolybdic acid (H,PMo,,0,,) was used as the het-
eropolyacid.

Examples 27 to 30

Flat type battery devices were obtained in the same man-
ners as in Examples 11 to 14, respectively, except that silico-
molybdic acid (H,SiMo, ,0,,) was used as the heteropoly-
acid.

Comparative Example 1

A flat type battery device was obtained in the same manner
as in Example 1, except that neither the ceramic powder nor
the heteropolyacid was added.

Comparative Examples 2 to 11

Flat type battery devices were obtained in the same man-
ners as in Examples 1 to 10, respectively, except that the
ceramic powder was not added.

Comparative Example 12

A flat type battery device was obtained in the same manner
as in Example 1, except that the heteropolyacid was not
added.

(Blister Evaluation)

With respect to each of the thus obtained flat type battery
devices of Examples 1 to 30 and Comparative Examples 1 to
12, the device blister was evaluated in the following manner.
First of all, athickness of the battery device before a cycle test
was measured. Subsequently, after a cycle of charging the
battery device to 4.2 V with 1 C and then discharging it to 2.5
Vwith 1 Cor 2 Cwas repeated 1,000 cycles in an atmosphere
at 60° C., the thickness of the battery device was measured.
Subsequently, a blister amount of the battery device after
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1,000 cycles was determined from the thus measured thick-
nesses of the battery device before and after the cycle test as
determined in the foregoing manner. The results are shown in
Table 1. The term “1 C” is a current value at which a theo-
retical capacity can be released for one hour.

(Low-Temperature Characteristic)

With respect to each of the thus obtained flat type battery
devices of Examples 1 to 30 and Comparative Examples 1 to
12, a low-temperature characteristic was evaluated in the
following manner. By defining a discharge capacity at 23° C.
atthe time of charging the battery deviceto 4.2V with 1 C and
then discharging it to 2.5 V with 1 C as 100 and determining
a capacity retention rate at the time of performing the same
test at —20° C., the low-temperature characteristic was evalu-
ated. The results are shown in Table 1.

(Evaluation of Negative Electrode Surface)

With respect to the thus obtained flat type battery device of
Example 5, a state of the negative electrode surface was
evaluated in the following manner. First of all, a cycle of
charging the battery device to 4.2 V with 1 C and then dis-
charging it to 2.5 V with 1 C was repeated 1,000 cycles in an
atmosphere at 60° C. Thereafter, the battery device was dis-
assembled, thereby taking out the negative electrode. Subse-
quently, as a result of observing this negative electrode sur-
face, an amorphous coating film in a gel form was formed on
the negative electrode surface. This negative electrode was
washed and then dried. As a result, a structure shown in FIG.
10 was confirmed.

With respect to the thus obtained flat type battery device of
Comparative Example 1, the same evaluation as in Example 5
was performed. As a result, it was noted that an amorphous
coating film in a gel form was not formed on the negative
electrode surface.

Itwas noted from the foregoing that the coating film in a gel
form produced on the negative electrode is related to reveal-
ment of the blister suppressing effect of battery device.

Table 1 shows the configuration of each of the flat type
battery devices of Examples 1 to 30 and Comparative
Examples 1 to 12 and evaluation results thereof

TABLE 1

Heteropolyacid or

Heteropolyacid/  Device blister amount
heteropolyacid after 1,000 cycles Low-temperature

heteropolyacid compound 1C 2C characteristic

Battery Ceramic powder  compound [% by mass] [mm] [mm] [%]

Example 1 AlLO; H,SiW 50, 0.01 0.6 0.9 61.29
Example 2 ALO; H,4SIW 1,044 0.05 0.3 0.8 39.45
Example 3 ALO; H,4SIW 1,044 0.10 0.3 0.8 62.28
Example 4 ALO; H,4SIW 1,044 0.50 0.2 0.4 62.86
Example 5 AlLO; H,SiW 50, 1.00 0.2 0.3 61.92
Example 6 ALO; H,4SIW 1,044 1.50 0.2 0.2 61.87
Example 7 ALO; H,4SIW 1,044 2.00 0.1 0.2 61.75
Example 8 ALO; H,4SIW 1,044 3.00 0.1 0.1 60.48
Example 9 AlLO; H,SiW 50, 5.00 0.1 0.1 59.87
Example 10 ALO; H,4SIW 1,044 7.00 0.1 0.1 48.80
Example 11 ZrO, H,4SIW 1,044 0.10 0.3 0.8 59.86
Example 12 ZrO, H,4SIW 1,044 0.50 0.2 0.3 60.95
Example 13 ZrO, H,SiW 50, 1.00 0.2 0.3 61.22
Example 14 ZrO, H,4SIW 1,044 5.00 0.1 0.1 39.73
Example 15 TiO, H,4SIW 1,044 0.10 0.4 0.9 60.65
Example 16 TiO, H,4SIW 1,044 0.50 0.2 0.4 60.86
Example 17 TiO, H,SiW 50, 1.00 0.2 0.3 61.22
Example 18 TiO, H,4SIW 1,044 5.00 0.1 0.2 58.54
Example 19 MgO H,4SIW 1,044 0.10 0.3 0.9 57.89
Example 20 MgO H,SiW 50, 0.50 0.3 0.3 60.03
Example 21 MgO H,4SIW 1,044 1.00 0.2 0.3 59.97
Example 22 MgO H,4SIW 1,044 5.00 0.1 0.1 60.11
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TABLE 1-continued

30

Heteropolyacid/
heteropolyacid

Heteropolyacid or

Device blister amount
after 1,000 cycles Low-temperature

heteropolyacid compound 1C 2C characteristic

Battery Ceramic powder  compound [% by mass] [mm] [mm] [%]
Example 23 AlLO, H3PMo,5,0,4 0.10 0.4 0.8 56.58
Example 24 Al O, H,PMo,5,0,, 0.50 0.3 0.5 59.37
Example 25 AlLO, H3PMo,5,0,4 1.00 0.3 0.4 59.54
Example 26 AlLO, H3PMo,5,0,4 5.00 0.2 0.2 60.01
Example 27 AlLO, H,SiMo 5044 0.10 0.3 0.8 60.10
Example 28 Al O, H,SiMo;504 0.50 0.2 0.4 61.42
Example 29 AlLO, H,SiMo 5044 1.00 0.2 0.3 62.03
Example 30 AlLO, H,SiMo 5044 5.00 0.1 0.1 62.24
Comparative Example 1~ — — — 1.0 1.5 —
Comparative Example 2 — H,SiW 50,40 0.01 0.9 1.3 —
Comparative Example 3 — H,SiW 1,040 0.05 0.7 1.2 —
Comparative Example 4 — H,SiW 1,040 0.10 0.7 1.2 —
Comparative Example 5 — H,SiW 1,040 0.50 0.6 1.0 —
Comparative Example 6 — H,SiW 50,40 1.00 0.6 1.0 —
Comparative Example 7 — H,SiW 1,040 1.50 0.6 0.9 —
Comparative Example 8 — H,SiW 1,040 2.00 0.5 0.9 —
Comparative Example 9 — H,SiW 1,040 3.00 0.5 0.8 —
Comparative Example — H,SiW 50,40 5.00 0.5 0.8 —
10

Comparative Example — H,SiW 1,040 7.00 0.5 0.8 —
11

Comparative Example Al O, — — 0.8 1.2 58.75

12

The following can be noted in the results shown in Table 1.

In the battery devices of Examples 1 to 10 and Comparative
Examples 2 to 11 each containing the ceramic powder in the
gel electrolyte, the device blister amount is small as compared
with the battery device of Comparative Example 1 not con-
taining the ceramic powder in the gel electrolyte.

In the battery devices of Examples 1 to 10 each containing
the ceramic powder and the heteropolyacid in the gel electro-
lyte, the device blister amount is smaller. Also, in the battery
devices of Examples 1 to 10, the device blister amount tends
to reduce with an increase of the content of the heteropoly-
acid. Specifically, in the battery device of Example 1 in which
the content of the heteropolyacid is 0.01 parts by mass, the
device blister amount is 0.6 mm, and in the battery devices of
Examples 2 to 10 in which the content of the heteropolyacid
is from 0.05 to 7.00 parts by mass, the device blister amount
is not more than 0.3 mm. However, in Example 10 in which
the content of the heteropolyacid is 7.00% or more, there is a
tendency that the low-temperature characteristic is lowered.

From the evaluation results of Examples 11 to 22, it is
noted that even in the case of using other ceramic powder than
aluminum oxide (Al,O,), substantially the same device blis-
ter suppressing effect as in the case of using aluminum oxide
(AL,O;) is revealed.

From the evaluation results of Examples 23 to 30, it is
noted that even in the case of using other heteropolyacid than
silicotungstic acid (H,SiW,,0,,), substantially the same
device blister suppressing effect as in the case of using sili-
cotungstic acid (H,SiW,,0,,) is revealed.

From the evaluation results of Examples 1 to 10 and Com-
parative Examples 1 to 12, it is noted that by using a combi-
nation of the ceramic powder and the heteropolyacid, a syn-
ergistic effect is revealed. It may be supposed that such a
synergistic effect is revealed according to the following mat-
ter. That is, it may be considered that the heteropolyacid
compound forms a coating film on the negative electrode
surface through repetition of charge/discharge, so that the
device blister to be caused due to the cycles can be sup-
pressed. It may be considered that when the ceramic powder
is added to the gel electrolyte layer, since the negative elec-
trode surface is uniformly covered by the ceramic powder, a
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more stable coating film containing the polyacid or the poly-
acid compound is formed, so that the device blister to be
caused due to the cycles can be more suppressed.

The constitutions, methods, shapes, materials, numerical
values and so on given in the foregoing embodiments are
merely an example to the bitter end, and different constitu-
tions, methods, shapes, materials, numerical values and so on
may be adopted, if desired.

Also, the respective constitutions of the foregoing embodi-
ments can be combined with each other so far as the gist is not
deviated.

Also, while in the foregoing embodiments, examples ar
applied to the batteries having a wound structure have been
described. However, the structure may include a positive elec-
trode and a negative electrode folded, a structure in which a
positive electrode and a negative electrode are piled up, or the
like.

Also, while in the foregoing embodiments, the examples
are applied to batteries having a cylindrical type or a flat type,
the shape of the battery is not limited thereto. The present
embodiments may also be applicable to batteries of a coin
type, a button type, a rectangular type and so on.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A nonaqueous electrolyte battery, the battery compris-
ing:

a positive electrode;

a negative electrode; and

an electrolyte,

wherein the electrolyte contains a nonaqueous solvent, an

electrolyte salt, a matrix polymer and a ceramic powder,
and further contains at least one of an polyacid and a
polyacid compound selected from the group consisting
of phosphomolybdic acid, silicomolybdic acid, silico-
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tungstic acid, a phosphomolybdic acid compound, a sili-
comolybdic acid compound and a silicotungstic acid
compound, wherein the electrolyte is impregnated in a
negative electrode active material layer contained in the
negative electrode, wherein a content of the at least one
of the polyacid and the polyacid compound in the elec-
trolyte is 0.01 by mass to 5.0 by mass of the negative
electrode active material contained in the negative elec-
trode, and wherein the ceramic powder contains at least
one member selected from the group consisting of
Al,0;, ZrO,, TiO, and MgO.

2. The nonaqueous electrolyte battery according to claim 1,
wherein

at least one of the polyacid and the polyacid compound is at

least one member selected from the group consisting of
silicomolybdic acid, silicotungstic acid, a slicomolybdic
acid compound and a silicotungstic acid compound.

3. The nonaqueous electrolyte battery according to claim 1,
wherein the polyacid or the polyacid compound is further
deposited on at least a part of the surface of the positive
electrode.

4. The nonaqueous electrolyte battery according to claim 1,
wherein

an amount of the ceramic powder per unit area between the

positive and negative electrodes is 0.6 mg/cm?® or more
and not more than 3.5 mg/cm?.

5. The nonaqueous electrolyte battery according to claim 1,
wherein the ceramic powder has a Brunauer-Emmett-Teller
(BET) specific surface area of from 0.5 to 11 m?/g.

6. The nonaqueous electrolyte battery according to claim 1,
wherein

the ceramic powder is further coated on the surface of at

least a part of the positive electrode.

7. The nonaqueous electrolyte battery according to claim 1,
wherein

a content ratio of the ceramic powder and the matrix poly-

mer is 1/1 or more and not more than 5/1 in terms of a
mass ratio.

8. The nonaqueous electrolyte battery according to claim 1,
wherein

the ceramic powder has a particle size distribution of a

gauss distribution.

9. The nonaqueous electrolyte battery according to claim 1,
wherein the polyacid and the polyacid compound are each
electrolyzed so as to be rendered amorphous.
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10. A nonaqueous electrolyte battery, the battery compris-
ing:

a positive electrode;

a negative electrode; and

an electrolyte;

wherein the electrolyte contains a nonaqueous solvent, an

electrolyte salt, a matrix polymer and a ceramic powder,
and

a coating film in a gel form containing at least one of a

polyacid and a polyacid compound selected from the
group consisting of phosphomolybdic acid, silicomo-
lybdic acid, silicotungstic acid, a phosphomolybdic acid
compound, a silicomolybdic acid compound and a sili-
cotungstic acid compound, and further containing
ceramic powder is formed on the surface of atleast a part
of the negative electrode, a content of the at least one of
the polyacid and the polyacid compound is in the elec-
trolyte is 0.01 % by mass 5.0 % by mass of the coating
film, and the ceramic powder contains at least one mem-
ber selected from the group consisting of Al,O;, ZrO,,
TiO, and MgO.

11. The nonaqueous electrolyte battery according to claim
10, wherein

the ceramic powder has a Brunauer-Emmett-Teller (BET)

specific surface area of from 0.5 to 11 m*/g.

12. The nonaqueous electrolyte battery according to claim
10, wherein

the coating film is further formed on the surface of at least

a part of the positive electrode.

13. The nonaqueous electrolyte battery according to claim
10, wherein

a content ratio of the ceramic powder and the matrix poly-

mer is 1/1 or more and not more than 5/1 in terms of a
mass ratio.

14. The nonaqueous electrolyte battery according to claim
10, wherein

an amount of the ceramic powder per unit area between the

positive and negative electrodes is 0.6 mg/cm? or more
and not more than 3.5 mg/cm?.

15. The nonaqueous electrolyte battery according to claim
10, wherein the polyacid and the polyacid compound are each
electrolyzed so as to be rendered amorphous.

16. The nonaqueous electrolyte battery according to claim
10, wherein at least one of the amorphous polyacid and the
amorphous polyacid compound is at least one member
selected from the group consisting of silicomolybdic acid,
silicotungstic acid, a silicomolybdic acid compound and a
silicotungstic acid compound.
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